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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#102 e-meeting [1] and RAN1#103 e-meeting [2], the following agreements on other aspects of NR-NTN were achieved.
	Agreements:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs
Agreements:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signalling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling
Agreements:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details


In this contribution, we will analyze and discuss the potential solutions on beam management and polarization signaling, and support of smart phones in NTN.
2. Beam management
[bookmark: OLE_LINK1]In view of alignment and consistency, specification efforts should take both GEO scenarios and LEO scenarios into consideration. For GEO scenarios and LEO scenarios with earth-fixed beams, there is better compatibility with NR specifications in comparison to LEO scenarios with earth-moving beams. For minimum specification impact, Rel-15 beam management could be reused as baseline. 
Proposal 1: Support to reuse Rel-15 beam management as baseline.
However, in LEO scenarios with earth-moving beams, the movement of the satellite along its orbit would result in frequent handovers. For cells with one beam per cell, frequent handovers bring in a mass of overhead involving cell parameters. Furthermore, since the dwell time can typically be several seconds or a few minutes for one beam, beam switching with low latency is preferred to handover cross cells with one beam per cell. And beam switching could be completed only at the physical layer, with the absence of high layer. Based on Rel-15 beam management, beam switching can be easily achievable with less overhead. Thus, the option of multiple beams per cell is preferred. 
Proposal 2: Multiple beams per cell should be prioritized.
Observation 1: Beam switching is preferred to LEO scenarios with earth-moving beams.
Comparing to measurement and reporting mechanism, one straightforward solution with lower latency is that the network starts beam switching based on ephemeris information of satellites or other assistant information. Absolutely, the network could decide the occasion which starts beam switching with respect to the scheduling of UEs to achieve better system performance. Furthermore, if re-using some existing protocol processes, such as specified TCI and BWP switching mechanisms, there is significant reduction on overhead. For example, BWP switching could associate with beam switching if there is a mapping from BWP index to beam index. And TCI mechanisms could be also used to indicate the beams with minimum specification effort. 
Proposal 3: Support the association between BWP switching and beam switching.
Proposal 4: Support to reuse the specified TCI mechanisms.
3. Signaling of Polarization
Circularly polarized antenna is regarded as a typical microwave technology in satellite communications on account of its advantages. Firstly, it allows satellites and ground station antennas to communicate without worrying about the vertical/horizontal alignment of standard linearly polarized antennas. Because circularly polarized antennas can realize all of the rotation-independent benefits. Naturally, circularly polarized antennas can receive arbitrarily polarized signals. Secondly, it could improve the distortion and fading of the received signal caused by multipath effect and bad weather, such as rain and fog. Circularly polarized signals reverse their rotation sense when reflected, for example, RHCP signals may be reflected as LHCP due to large buildings in urban environments. Since LHCP and RHCP antennas reject each other’s signals, a RHCP receive antenna could reject these LHCP reflections, and achieve better received signals. In addition, it can eliminate the Faraday effect. Whereas, when linearly polarized waves travel in the ionosphere and two rotational waves are obtained by decomposition with different phase velocities, the re-composed linearly polarized waves will be deflected from their original direction, and the polarization plane will keep rotating along the propagation direction. Therefore, circularly polarized antenna is preferred to satellite communications.
[bookmark: _Hlk61277940]Observation 2: Circularly polarized antenna is preferred to NTN scenarios.
There are 3 options of frequency re-use factor for NTN beam layouts in [3]. Since LHCP and RHCP antennas reject each other’s signals, frequency re-use scheme with circle polarization can be utilized to mitigate inter-cell interference. Furthermore, both LHCP and RHCP signals can be transmitted simultaneously on the same frequency band. Thus, frequency re-use scheme with circle polarization can theoretically double cell capacity and spectral efficiency. 
Proposal 5: The satellite beam layout with circular polarization should be prioritized.
From the perspective of terminals, a large number of terminals with linearly polarized antennas are already on the market and should be also supported for NTN, which makes this work more valuable. From the perspective of network deployment, co-existence of UEs with circularly and linearly polarized antennas will be possible and necessary, especially in the overlapping region between NTN and TN. Thus, it can be seen that there are multiple types of UEs with different polarization capability in NTN beam layouts, e.g. single circular polarization(RHCP, LHCP),  dual circular polarization (both RHCP and LHCP), and linear polarization as Figure-1. 
[bookmark: OLE_LINK2]Observation 3: There are multiple types of UEs with different polarization capability in NTN beam layouts.


Figure 1. NTN beam layouts with multiple types of UEs
In downlink synchronization, the network does not have the knowledge of polarizations of newly UEs, whether to report polarization capability later or not. If a UE with single circular polarization tries to access a NTN beam area with the reverse polarization, UE could not be able to detect SSB signal and fails to access until there is another NTN beam area with the same polarization. Obviously, the latency of successful SSB detection for these UEs would increase. Thus, enhancements on SSB transmission need to be primarily considered to support UEs with different polarization capability. 
Proposal 6: Enhancements on SSB transmission to support UEs with different polarization capability should be considered.
However, due to possible reflections, UEs cannot absolutely judge LHCP SSB signals or RHCP SSB signals, even UEs with the capability of LHCP and RHCP antennas simultaneously receiving. Without the polarization information, it is hard to move onto subsequent transmission. Thus, the indication of polarization in SSB transmission should be considered. 
Proposal 7: For downlink synchronization, support to indicate the polarization information in SSB transmission.
For UEs with linearly polarized antennas, a combination of the two Rx branches allows to prevent 3dB depolarization loss, but with a higher hardware cost than one Rx branch. A simple solution to improve the performance is to utilize the time diversity of SSB signals, such as associated SSB signals transmitted with LHCP and RHCP respectively in TDM way. If SSB signals broadcast over all beams for a satellite in an initial BWP, a combination of LHCP SSB and RHCP SSB could compensate the depolarization loss for UEs with linearly polarized antennas. Meanwhile, UEs with LHCP or RHCP are certain that there would be candidate SSB occasions with the same polarization. 
Proposal 8: Support associated SSB transmission with LHCP and RHCP in TDM way. 
On another hand, the indication of polarization should be beam-specific, thus cannot be carried by cell parameters implicitly or explicitly. And the polarization should maintain a relatively static or semi-static state for subsequent transmission. Once one beam tried to switching the polarization, the whole beam layouts would change correspondingly to reduce system interference or improve UE throughput. Furthermore, dynamically polarization configuration would lead to heavy cell signaling overhead and polarization switching behavior for UEs of the cell. Hence, dynamically polarization configuration should be not supported.
Proposal 9: Deprioritize dynamically polarization configuration.

4. Additional Aspects
Based on the link budget parameters in [3], relevant link budget was evaluated to figure out the worst-case achievable SNR for handheld devices as follow in Table 1. It should be noted that antenna gain of -5 dBi is preferable for commercial smart phones, instead of antenna gain of 0 dBi. 
Table 1. Link budget results for Set-1 and Set-2
	Satellite
	Elevation angle
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Set-1
	DL
	LEO-600km
	-3.615
	-0.671
	1.607
	3.338
	4.634
	5.575
	6.214
	6.585
	6.707

	
	
	LEO-1200km
	-1.810
	0.400
	2.220
	3.679
	4.811
	5.653
	6.234
	6.575
	6.687

	
	UL
	LEO-600km
	-10.454
	-7.510
	-5.233
	-3.501
	-2.205
	-1.264
	-0.625
	-0.254
	-0.132

	
	
	LEO-1200km
	-14.649
	-12.439
	-10.619
	-9.160
	-8.028
	-7.186
	-6.605
	-6.264
	-6.152

	Set-2
	DL
	LEO-600km
	-9.615
	-6.671
	-4.393
	-2.662
	-1.366
	-0.425
	0.214
	0.585
	0.707

	
	
	LEO-1200km
	-7.810
	-5.600
	-3.780
	-2.321
	-1.189
	-0.347
	0.234
	0.575
	0.687

	
	UL
	LEO-600km
	-16.454
	-13.510
	-11.233
	-9.501
	-8.205
	-7.264
	-6.625
	-6.254
	-6.132

	
	
	LEO-1200km
	-20.649
	-18.439
	-16.619
	-15.160
	-14.028
	-13.186
	-12.605
	-12.264
	-12.152



Furthermore, as shown in Figure 2, LLS results for PUSCH VoIP have been conducted to recognize the gap between minimum required SNR and the worst-case achievable SNR for handheld devices in NTN. Here, PUSCH VoIP is based on 20 slots (e.g. 20ms in 15kHz SCS) aggregated VoIP transmission to enhance the performance, instead of maximum 16 in current specification. 
[image: ]
Figure 2. LLS results for PUSCH VoIP
From LLS results and link budget results above,  it is apparently observed that there is a significant gap between minimum required SNR and the worst-case achievable SNR. For Set-1 satellite with LEO 1200km orbit altitude, there is a great obstacle to match the minimum required SNR, not to mention Set-2. 
Observation 4:There is a significant gap to achieve minimum required SNR for PUSCH VoIP in NTN.
Considering the favorable assumptions of LLS results, UL coverage enhancements in NTN are imperative to ensure essential service capabilities. 
Proposal 10: UL coverage enhancements in NTN should be considered for handheld devices.

5. Conclusion
In this contribution, we analyze and discuss the potential solutions on polarization and beam management, and have the following observations and proposals: 
Observation 1: Beam switching is preferred to LEO scenarios with earth-moving beams.
Observation 2: Circularly polarized antenna is preferred to NTN scenarios.
Observation 3: There are multiple types of UEs with different polarization capability in NTN beam layouts.
Observation 4:There is a significant gap to achieve minimum required SNR for PUSCH VoIP in NTN.
Proposal 1: Support to reuse Rel-15 beam management as baseline.
Proposal 2: Multiple beams per cell should be prioritized.
Proposal 3: Support the association between BWP switching and beam switching.
Proposal 4: Support to reuse the specified TCI mechanisms.
Proposal 5: The satellite beam layout with circular polarization should be prioritized.
Proposal 6: Enhancements on SSB transmission to support UEs with different polarization capability should be considered.
Proposal 7: For downlink synchronization, support to indicate the polarization information in SSB transmission.
Proposal 8: Support associated SSB transmission with LHCP and RHCP in TDM way. 
Proposal 9: Deprioritize dynamically polarization configuration.
Proposal 10: UL coverage enhancements in NTN should be considered for handheld devices.
[bookmark: _GoBack]
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